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APPARATUS FOR HIGH EFFICIENT
SYMMETRICAL QUENCHING OF ROLLER
CONVEYED GLASS SHEETS |

This is a continuation of application Ser. No. 473,912

filed on Feb. 2, 1990, now abandoned.

TECHNICAL FIELD

- This invention relates to an apparatus for providing
high efficient symmetrical quenching of roller con-
veyed glass sheets.

BACKGROUND ART

Quenching of heated glass sheets on roller conveyors
such as for tempering or heat strengthening is difficult
to perform because the conveyor rolls that support the
glass sheet for conveyance obstruct the lower glass
surface. As such, there is limited area for permitting the

jets of quenching gas to impinge with the lower glass
sheet surface and for the spent quenching gas to flow

downwardly away from the glass sheet after impinge-
- ment with the glass sheet. Furthermore, the presence of
the conveyor rolls below the plane of conveyance pro-
vides a different quench configuration than above the
plane of conveyance such that the lower and upper
glass sheet surfaces are not quenched symmetrlcally to
each other.

~ In order to accommodate for the conveyor ro]l ob-
struction problem at the lower glass sheet surface, it is
conventional as disclosed in U.S. Pat. No. 4,515,622
McMaster et al to provide quenching gas outlets that
are spaced from the glass sheet a distance at least as

great as the conveying diameter of the conveyor rolls.

| Anghng of quench tubes through which the quenching
- gas is supplied as disclosed by the McMaster et al patent
permits a greater number of locations of impingement to
be provided without blocking the area through which
the spent quenching gas flows downwardly away from
the conveyed glass sheet after its impingement with the
adjacent glass sheet surface.

DISCLOSURE OF INVENTION

An object of the present invention is to provide im-
proved apparatus for providing high efficient symmetri-
cal quenching of roller conveyed glass sheets such as
for heat strengthcnmg or tempering.

In carrying out the above object and other objects of
the invention, apparatus for quenching a heated glass
sheet is disclosed as including a roller conveyor having
horizontally extending conveyor rolls that convey the
heated glass sheet in an direction of conveyance along a
plane of conveyance. These conveyor rolls are spaced

from each other along the direction of conveyance and -

have centers about which the conveyor rolls rotate to
provide the conveyance. Each conveyor roll includes,

2

path thereof with the conveyed glass sheet. The outlets
each have a characteristic length of L/D less than 6,
and the outlets are spaced in a pattern and oriented to

‘provide the gas flow paths thereof with different angles

of incidence at the impingement thereof with the con-
veyed glass sheet. The outlets are also spaced and ori-
ented to provide impingement locations spaced at the
glass sheet in a center-to-center relationship with no

two locations spaced closer to each other than the
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an outer conveyor surface having a radius R. Upperand

lower sets of blastheads of the apparatus are located
above and below the plane of conveyance in vertical
alignment with each other. Each blasthead has outlets
through which quenching gas is supplied for flow along
a path that impinges with the conveyed glass sheet with
locations of impingement from the upper and lower
blastheads aligned with each other. These outlets are
each located closer to the conveyed glass than the con-
veyor roll radius R. Each outlet has a hydraulic diame-
ter D and provides a gas flow path having a length L
between the outlet and the impingement of the gas flow

65

length L of the longest gas flow path The apparatus
also includes a set of upper roll mimics located above
the conveyor rolls in a vertically aligned relationship.
ngh efficient symmetrical quenchmg of heated glass
sheets is achieved by the roll mimics in cooperation
with the relative close proximity of the quenching gas
outlets to the glass sheet while maintaining the mini-

mum spaced relationship specified so as to ensure ade-

quate area for the spent quenching gas to escape after
impingement with the conveyed glass sheet.

In the preferred construction of the apparatus, the
outlets are generally round which provides the greatest
efficiency in the quenching even through other shapes
can be utilized to practice the invention.

In the preferred construction of the apparatus, the

| upper and lower blastheads preferably have the same

size and shape as each other so as to thereby cooperate
with the conveyor rolls and roll mimics in providing the

symmetry above and below the plane of conveyance

such that the lower and upper glass sheet surfaces are
quenched symmetrically to each other and such that the
upper and lower surfaces are aerodynamically balanced
to thereby provide stable glass sheet conveyance on the
roller conveyor without any up and down flutter.
Best results are achieved when the upper and lower
sets of blastheads have the outlets thereof spaced and
oriented to provide locations of impingement in an
equtlateral triangular pattern with the conveyed glass

‘sheets. This equilateral triangular pattern permits the

locations of impingements to be as close as possible to
each other without obstructing the flow of the spent
quenching gas away from the glass sheet after the im-
pingement that provides the quenching.

In the preferred construction of the apparatus, each
blasthead includes a formed sheet metal blasthead mem-
ber that defines a quench gas plenum and the outlets
through which the quenching gas is supplied from the
plenum to the conveyed glass sheet as gas flow paths.
Each outlet preferably includes a chamfered inlet
through which the quenching gas enters the outlet for
flow therethrough to the conveyed glass sheet. Each
formed sheet metal blasthead member preferably has an
elongated shape extending parallel to the conveyor rolls
and has a formed cross section of a curved shape at
which the outlets are located.

The objects, features and advantages of the present
invention are readily apparent from the following de-
tailed description of the best mode for carrying out the
invention when taking in connection with the accompa-

nying drawings.
BRIEF DESCRIPTION OF DRAWINGS
FIG. 11s a side elevational view of a glass processing

system for providing glass sheet quenching such as for

tempering or heat strengthening;

FIG. 2 1s an enlarged elevational view taken in sec-
tion through a quench station of the system in the same
direction as viewed in FIG. 1;
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FIG. 3 1s a plan view of the apparatus taken at the
quench station along the direction of line 3—3 in FIG.
2;

FIG. 4 1s a view that illustrates the pattern of loca-_
tions of i unpmgcment of gas flow paths with a conveyed 5
glass sheet in a preferred equilateral triangular arrange-
ment;

FIG. 5 is a sectional view illustrating a piece of sheet
metal in which holes are provided to provide blasthead
outlets;

FIG. 6 is a sectional view illustrating chamfered in-
lets that are provided in the outlets of the sheet metal
member to provide increased efficiency of the quench-
ing gas flow through the outlets; and

FIG. 7 illustrates the sheet metal member after form-
ing thereof to the blasthead shape which preferably has
an elongated construction whose cross section has a
curved shape in which the outlets are located.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference to FIG. 1 of the drawings, a glass
sheet quench system 10 for providing heat strengthen-
Ing or tempering includes a furnace 10 in which glass
sheets G are heated for the quenchmg and also includes
a quench station 14 that embodies apparatus of the pres-
ent invention for prowdmg symmetrical quenching of
‘the heated glass sheet as is hereinafter more fully de-
scribed. Furnace 10 includes a heating chamber 16 in
which a roller conveyor 18 is located for prowdmg
conveyance of the glass sheet G for the heating in any
conventional manner. After heating to a sufficiently
high temperature to permit heat strengthening or tem-
pering, the glass sheet G is conveyed from the furnace
12 to the quench station 14 for the quenching. The glass 35
sheet conveyance may be in a smglc direction from the
left toward the right or may be in an oscillating fashion
in the furnace 12 and/or the quench station 14. |

With combined reference to FIGS. 1 and 2, the appa-
ratus of the quench station 14 includes a roller conveyor
20 having horizontally extending conveyor rolls 22 that
convey the heated glass sheet G in a direction of con-
veyance from the left toward the right along a plane of
conveyance C. These conveyor rolls 22 and are spaced
from each other along the direction of conveyance and 45
have centers 24 about which they rotate to provide the
| conveyance of the heated glass sheet during the quench-
ing. Each conveyor roll 22 has an outer conveying
surface 26 of a round shape with a radius R by a con-
struction that is hereinafter more fully described.

With continuing reference to FIGS. 1 and 2, the
apparatus of the quench station 14 also includes upper
and lower quenches 28 and 30 which include sets of
blastheads 32 rcspectwely located above and below the
plane of conveyance C in vertical alignment with each 55
other. Each blasthead 32 has outlets 34 through which
quenching gas is supplied for impingement with the
conveyed glass sheet at locations 36 which are verti-
cally aligned at the upper and lower glass sheet surfaces
at which the quenching gas is fed from the upper and 60
lower blastheads, respectively. The blasthead outlets 34
are each located closer to the conveyed glass sheet G
than the conveyor roll radius R.

As shown in FIGS. 1 through 3 and FIG. 7, each
blasthead outlet 34 has a hydraulic diameter D and 65
provides a gas flow path having a length L between the
- outlet and the impingement of the gas flow path thereof
with the conveyed glass sheet. More specifically, the
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hydraulic diameter D is equal to four times the area of
the outlet divided by its circumference. Each outlet 34
has a characteristic length of L/D less than 6 which
ensures that the gas jets provided are not too defused
before impingement with the glass sheet. The outlets are

spaced in a pattern as best shown in FIG. 3 and oriented
as best shown in FIGS. 2 and 7 to provide the gas flow
paths thereof with different angles of incidence at the

- impingement thereof with the conveyed glass sheet G.

F urthermore, the outlets 34 are spaced and oriented to
provide impingement locations 36 which, as shown in
FIG. 4, are spaced at the glass sheet G in a center-to-
center relationship with no two locations spaced closer
to each other than the length L of the longest gas flow
path. This limitation on the closeness of the spacing

provides sufficient area for the spent quenching gas to
flow away from the glass sheet after its impingement at
‘the associated location 36. As shown in FIG. 2, the

apparatus also preferably includes a set of upper roll
mimics 38 located above the conveyor rolls 22 in a

- vertically aligned relationship. These roll mimics 38
‘have a size and shape that mimics the gas flow effect of

the conveyor rolls 22 on which the glass sheet is con-
veyed.

In the preferred construction as illustrated best in
FIG. 3, the outlets 34 are generally round. This round
shape of the outlets provides the greatest efficiency in
quenching gas flow so as to thereby provide a more
efficient quench station.

As previously mentioned and as.illustrated best in
FIG. 2, the upper and lower sets of blastheads 32 are
vertically aligned with each other and have the outlets
34 thereof spaced and oriented to provide locations of
impingement aligned with each other. In other words,
each gas flow path impinges with one surface of the
glass sheet G at the associated impingement location 36
and another gas flow path impinges with the opposite
surface of the glass sheet at the same location so as to
provide symmetry in the quenching between the glass
sheet surfaces.

Each conveyor roll 22 has a minor diameter and also
has its conveyor surface 26 provided by a helically
wrapped support 39 provided by woven aromatic poly-
amide fibers such as sold under the trademark Kevlar of
E. I. DuPont Company of Wilmington, Del. United
States of America. Such a support provides conveyance
of the glass sheet without marking its heat softened
lower surface prior to cooling. Each of the roll mimics
38 has a curved W-shaped cross section as illustrated,
but other shapes could also be used so long as the gas
flow at the upper glass surface is affected the same as
the conveyor rolls affect the quenching gas flow at thc
lower surface of the glass sheet.

The upper and lower blastheads 32 as shown in FIG.
2 also preferably have the same size and shape as each

~ other in order to provide symmetry in the configuration

between the upper and lower surfaces of the glass sheet
as far as affecting the quenching gas flow. However, it
should be understood that the roll mimics 38 do have to
be spaced upwardly slightly from the glass sheet G so as
not to engage its upper surface and there is thus not
exact structured symmetry above and below the upper

- and lower glass sheet surfaces even though the gas flow

is aerodynamically symmetrical such that uniform
quenching is provided at the upper and lower glass
sheet surfaces. The aerodynamic symmetry also pro-
vides conveyance on the conveyor rolls 22 without any
up and down flutter.
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With reference to FIG. 4, the lower and upper sets of

blastheads have the outlets thereof spaced and oriented
to provide the impingement locations 36 in an equilat-

eral triangular pattern with the conveyed glass sheet.
This equilateral triangular pattern permits the impinge-

‘ment locations 36 to be positioned as close as possible to

each other without the gas jets interfering with each
- other and while maintaining sufficient area for the spent

quenching gas to escape after impingement with the
glass sheet.

~ As best illustrated in FIG. 7, each blasthead 32 in-
~cludes a formed sheet metal blasthead member 40 that
~ defines a quench gas plenum 42 and the outlets 34. This
formed sheet metal blasthead member 40 is manufac-
tured from flat sheet metal, as shown in FIG. §, through

which the outlets 34 are initially stamped with a cy]m-'

drical shape. Thereafter, another stamping operation is
performed to provide each outlet 34 with a chamfered
inlet 44 which may either have sharp bevels as shown or
smoothly curved bevels. The sheet metal blasthead
member 40 is then formed from the flat condition of
'FIG. 6 to the conﬁguratlon of FIG. 7 such that each
outlet 34 has its chamfered inlet 44 through which the
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quenching gas enters the outlet for flow from the -

quench gas plenum through the outlet to the conveyed
glass sheet. Efficiency is provided in the quenching by
this chamfered construction of the inlet 44 of each out-
let 34.

As illustrated in FIG. 3, each formed sheet metal
blasthead member 40 has an elongated shape extending
parallel to the conveyor rolls and, as shown in FIG. 7,
has a formed cross section of a curved shape at which
the outlets 34 are located.

- As best illustrated by combined reference to FIGS. 2

‘and 3, each blasthead 32 has three different sizes of
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outlets 3¢ with the smallest outlets having the shortest

gas flow path length L and the angle of incidence clos-
est to a perpendicular relationship with the glass sheet
plane of conveyance C. On each side of a centerline 46
of each blasthead 32 as illustrated in FIG. 2 and 3, the

smallest size outlets 34 are located closest to the center- |

- hine 46 laterally intermediate the next largest size outlets
34 which have a greater angle of incidence and in align-
ment with the largest size outlets 34 which have the
greatest angle of incidence. Furthermore, the smallest
_size outlets 34 on each side of the centerline 46 are
located laterally intermediate the smallest size outlets 34
on the other side of the centerline 46.

While the best mode for practicing the invention has
been described in detail, those familiar with the art to
which this invention relates will recognize other em-
bodiments and designs for practicing the invention as
defined by the following claims.

What is claimed is:

1. Apparatus for quenching a heated glass sheet, com-
prising:

435

-

35

a roller conveyor including horizontally cxtendmg |

conveyor rolls that convey the heated glass sheet in
a direction of conveyance along a plane of convey-
ance, said conveyor rolls being spaced from each
other along the direction of conveyance and hav-
ing centers about which the conveyor rolls rotate
to provide the conveyance, and each conveyor roll
including an outer conveying surface and having a
radius R;

upper and lower sets of blastheads located above and
below the plane of conveyance in vertical align-
ment with each other, each blasthead having out-
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6
lets through which quenching gas is supplied for

impingement with the conveyed glass sheet with
the locations of impingement from the upper and
lower blastheads aligned with each other, said out-
lets each being located closer to the conveyed glass
- sheet than the conveyor roll radius R, each outlet
having a hydraulic diameter D and providing a gas
flow path having a length L between the outlet and
the impingement of the gas flow path thereof with
the conveyed glass sheet, each outlet having a
characteristic length of L/D less than 6, the outlets
being spaced in a pattern and oriented to provide
the gas flow paths thereof with different angles of
‘incidence at the impingement thereof with the
conveyed glass sheet, and the outlets being spaced
and orientéd to provide impingement locations
spaced at the glass sheet; and

a set of roll mimics located above the conveyor rolls

. In a vertically aligned relationship.

2. Apparatus as in claim 1 wherein the outlets are
generally round.

3. Apparatus as in claim 2 wherein the upper and
lower sets of blastheads each include a formed sheet
metal blasthead member.

4. Apparatus as in claim 1 where the upper and lower
blastheads have the same size and shape as each other.

5. Apparatus as in claim 1 wherein the upper and
lower sets of blastheads have the outlets thereof spaced
and oriented to provide the impingement locations in an
equilateral triangular pattern with the conveyed glass
sheet.

6. Apparatus as in claim 1 wherein each blasthead
includes a formed sheet metal blasthead member that
defines a quench gas plenum and the outlets.

7. Apparatus as in claim 6 wherein each outlet in-

cludes a chamfered inlet through which the quenching

gas enters the outlet for flow therethrough to the con-

veyed glass sheet.

8. Apparatus as in claim 6 wherein each formed sheet
metal blasthead member has an elongated shape extend-
ing parallel to the conveyor rolls and has a formed cross
section of a curved shape at Wthh the outlets are lo-
cated.

9. Apparatus for quenching a heated glass sheet, com-
prising:

a roller conveyor including horizontally extending

conveyor rolls that convey the heated glass sheet in
a direction of conveyance along a plane of convey-
‘ance, said conveyor rolls being spaced from each
other along the direction of conveyance and hav-
ing centers about which the conveyor rolls rotate
to provide the conveyance, and each conveyor roll
including an outer conveying surface having a

radius R;

upper and lower sets of blastheads located above and
below the plane of conveyance in vertical align-
ment with each other and having the same size and
shape as each other, each blasthead having gener-
ally round outlets through which quenching gas is
supplied for impingement with the conveyed glass
sheet, said outlets each being located closer to the
conveyed glass sheet than the conveyor roll radius
R, each outlet having a diameter D and providing
a gas flow path having a length L between the
outlet and the impingement of the gas flow path
thereof with the conveyed glass sheet, each outlet
having a characteristic length of L/D less than 6,
the outlets being spaced in a pattern and oriented to
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provide the gas flow paths thereof with different
angles of incidence at the impingement thereof
with the conveyed glass sheet, and the outlets
being spaced and oriented to prowde impingement
locations spaced at the glass sheet in a center-to-

center relationship with the locations associated
with the upper set of blastheads aligned with the

locations associated with the lower set of blast-
heads; and |

a set of upper roll mimics located above the conveyor
rolls in a vertically aligned relationship.

5,011,525
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quench gas plenum and having generally round
outlets through which quenching gas is supplied
for flow from the plenum and impingement with
the conveyed glass sheet, said outlets each being

located closer to the conveyed glass sheet than the
conveyor roll radius R, each outlet having a cham-
fered inlet through which the quenching gas enters

the outlet from the quench plenum for flow there-
through to the conveyed glass sheet, each outlet
having a diameter D and providing a gas flow path

‘having a length L between the outlet and the im-

10. Apparatus for quenching a heated glass sheet,
comprising: _
a roller conveyor including horizontally extendmg

pingement of the gas flow path thereof with the
conveyed glass sheet, each outlet having a charac-

conveyor rolls that convey the heated glass sheet in
a direction of conveyance along a plane of convey-
ance, said conveyor rolls being spaced from each
other along the direction of conveyance and hav-
ing centers about which the conveyor rolls rotate
to provide the conveyance, and each conveyor roll
including an outer conveying surface having a
radius R;

upper and lower sets of blastheads located above and

below the plane of conveyance in vertical align-
ment with each other and having the same size and
shape as each other, each blasthead including a
formed sheet metal blasthead member defining a
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-~ tenistic length of L/D less than 6, the outlets being
'spaced in a pattern and oriented to provide the gas

flow paths thereof with different angles of inci-

~dence at the impingement thereof with the con-

veyed glass sheet, and the outlets being spaced and
oriented to provide impingement locations spaced
at the glass sheet in a center-to-center relationship
with the locations associated with the upper set of
blastheads aligned with the locations associated

with the lower set of blastheads; and
a set of upper roll mimics located above the conveyor

rolls 1n a vertically aligned relationship.
* & % % %
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